Objective To assess early life characteristics associated with appetite-related eating behaviors in 7-year-old children. Study design The participants are children from the population-based birth cohort Generation XXI. Data on sociodemographics, health, and lifestyles and anthropometrics were collected at birth, and 4-and 7-year-old evaluations. A Portuguese version of the Children's Eating Behavior Questionnaire was completed by mothers (n = 3562 children) with children aged 7 years old. A 2-factor solution was identified: factor 1-appetite restraint and factor 2-appetite disinhibition. Associations were estimated through generalized linear models adjusted for maternal age, education, body mass index (BMI) before birth, family structure, number of siblings, and child's sex (b regression coefficients and 95% CIs).
Some birth-related and early infancy characteristics have been proposed as potential influencers on the development of eating behaviors. Low birth weight, [9] [10] [11] preterm birth, and restrictive intrauterine growth 12 have been associated with later eating difficulty, pickiness, and a higher risk of low appetite and food enjoyment in childhood. Breastfeeding, hypothesized to promote early self-regulation of energy intake, has been associated with higher satiety responsiveness, 13, 14 in contrast to formula feeding, which is associated with picky eating 15 (the consumption of an insufficient amount or inadequate variety of food through rejection of food items 6 ) and neophobia. 16 The familial environment also has a strong influence. Children who tend to overeat are more likely to be male, live in a singleparent home, and have both parents overweight or obese. 10 In this study, family income was associated with both overeating and picky eating. In other studies, younger maternal age and parental financial problems have been identified as risk factors for picky eating, 10, 15 and having siblings has been shown to be both protective 6 and a risk factor 15 for developing picky eating. The aim of this prospective study is to assess early life characteristics associated with appetite-related eating behaviors at 7 years old. 
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Methods
This study includes children from Generation XXI, a prospective population-based birth cohort. 17 Participants (8495 mothers and their 8647 children) were recruited from public maternity units in Porto, Portugal between 2005 and 2006 and were all invited to attend the second (2009) (2010) (2011) and third (2012) (2013) (2014) cohort evaluations, when children were aged 4 and 7 years old (86% and 80% of participation, respectively).
Responses to the Children's Eating Behavior Questionnaire (CEBQ) were available for 5786 children. Of these, 4485 questionnaires were entirely completed, and after retrieving missing data, 5449 were considered valid. Data were recovered in questionnaires that were missing <50% of data items, by replacement for the average of the remaining questions within each subdomain of the participant. Spearman-Brown prophecy formula showed that 50% of the items was enough to obtain a reliability of 0.7 (Appendix; available at www.jpeds.com). The sample was further restricted to 1 twin per family, randomly selected (103 children excluded, 1.19% of the initial sample), and to participants with complete information on the variables of interest (1887 children excluded, 21 .8% of the initial sample), a total of 3562 participants.
We compared the study sample (n = 3562) characteristics with the remaining cohort (n = 5085) at baseline, and mothers in this study were slightly older (mean = 29.85; SD = 5.22 vs mean = 28.47; SD = 6.26; P < .001) and more educated (mean = 11.27; SD = 4.25 vs mean = 9.88; SD = 4.17; P < .001) than mothers in the remaining cohort.
All the study phases complied with the Ethical Principles for Medical Research Involving Human Subjects expressed in the Declaration of Helsinki. The study was approved by the University of Porto Medical School/S. João Hospital Center ethics committee and a signed informed consent, in accordance with Helsinki, was required for all participants, and signed by their legal guardian.
Data were collected during face-to-face interviews by trained researchers. At baseline, maternal age and education, smoking habits during pregnancy, type of delivery, children's sex, birth weight, and gestational age were recorded. Weight for gestational age was defined according to the sex-specific population-based Kramer growth standards (cut points: 10th and 90th percentiles; standards refer only to single births). 18 At the 4-year-old evaluation, the number of siblings, family structure, any breastfeeding duration, physical activity, and number of media screening hours (television, computer, or game devices) were asked about. The timing of introduction to complementary feeding and the first food eaten in this period were asked about at 7 years old.
Height, weight, body fat, and waist circumference (WC) were measured at 4 and 7 years old according to standard procedures. The children's body mass index (BMI) was classified according to the age-and sex-specific BMI standard z-scores developed by the World Health Organization 19 and recoded into under/normal weight (BMI <2 SD) and overweight/obese (BMI ≥2 SD). WC was measured at the umbilicus level, to the nearest 0.1 cm. This variable was recoded into tertiles (<50.5 cm; 50.5-53.5 cm; ≥53.6 cm). Bioelectric impedance analysis was performed using a tetra-polar device (BIA 101 Anniversary; Akern, Florence, Italy). Fat-free mass was determined using the equation published by Schaefer et al 20 ; fat mass was derived accordingly and recoded into tertiles (<12.8%; 12.8%-19.5%; ≥19.5%).
Maternal height and weight before pregnancy were self-recorded at birth and measured at children's 4-year-old follow-up. Maternal BMI was classified according to the World Health Organization criteria into under/normal weight (BMI <24.9 kg/m 2 ) and overweight/obese (BMI ≥ 25.0 kg/m 2 ). 21 BMI change represents the change in maternal BMI between the prepregnancy period and 4 years after birth.
Children's Eating Behaviors
Eating behaviors were assessed using the CEBQ, completed by parents at the 7-year-old evaluation (94% were answered by mothers). The original CEBQ 22 includes 35 items related to eating styles among children, and is answered on a 5-point Likert scale, ranging from 1 = never to 5 = always. This questionnaire consists of 8 subdomains related to distinct eating behaviors: satiety responsiveness, slowness in eating, enjoyment of food, food responsiveness, food fussiness, desire for drinks, emotional overeating, and emotional undereating. The CEBQ has demonstrated stability over time and good psychometric properties. [22] [23] [24] [25] [26] [27] [28] [29] A version of this questionnaire has been previously validated and adapted to Portuguese children, 23 but in that version children were aged 3-13 years old, and some items were slightly different from those in the original scale. We opted for retranslating the original CEBQ into Portuguese (Table I ; available at www.jpeds.com), resulting in a new Portuguese version CEBQ (P-CEBQ). The psychometric properties of this most recent version (including 7-year-old children) were tested in the present study (Appendix and  Table II) . A 2-factor solution was identified, explaining 62% of the total variance: factor 1-appetite restraint and factor 2-appetite disinhibition, explaining 35% and 26% of the total variance, respectively. The subdomains food fussiness, enjoyment of food, slowness in eating, and satiety responsiveness loaded mostly on factor 1 (loadings: 0.64; −0.78; 0.74 and 0.88) and the subdomains food responsiveness, emotional overeating, emotional undereating, and desire for drinks loaded mostly on factor 2 (loadings: 0.65, 0.82, 0.66, and 0.65) ( Table II) . Thus, appetite restraint was more related to subdomains measuring internal cues of satiety and food fussiness, on which loaded mostly food fussiness, enjoyment of food, slowness in eating, and satiety responsiveness, and appetite disinhibition was more related to subdomains measuring external food cues and emotional responses toward foods, on which loaded mostly food responsiveness, emotional overeating, emotional undereating, and desire for drinks. A short version was proposed for further application in future research.
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Statistical Analyses
Descriptive statistics and generalized linear models (b regression coefficients and the respective 95% Cis) were performed to estimate the associations. Adjustments for sociodemographics, family structure, and maternal BMI before pregnancy were performed. Further adjustments for smoking during pregnancy, child's BMI z-score, and media screening were also tested, but did not change the magnitude of the associations (results not shown). An interaction of the child's sex in these associations was studied by conducting stratified analysis, but no significant interaction was found; thus, results are reported for both sexes together.
The significance level was set at P < .05. SPSS v 21.0 (SPSS Inc, Chicago, Illinois) was used to perform all the statistical analyses, with the exception of the principal component analysis, which was conducted with the software R v 3.0.1 (R Foundation Statistical Computing, Vienna, Austria).
Results
Table III presents the participants' characteristics (n = 3562) and the appetite restraint and appetite disinhibition scores according to each characteristic (scores could range from 1 to 5). Approximately 51% were boys, most of them lived in a 2-parent home (89.1%), and they had no (46.7%) or 1 sibling (43.4%) at 4 years old. At baseline, most mothers were aged between 25 and 35 years (66.3%), had between 9 and 12 years of education (42.8%), and were under or of normal weight before pregnancy (69.3%).
Associations between children and maternal characteristics and eating behaviors assessed in 7-year-old children are described in Table IV (univariate model) and Table V (multivariate model). In multivariate analysis, older maternal age (≥35 vs <25 years: b = 0.127, 95% CI 0.054, 0.201), higher maternal education (≥12 vs <9 years: b = 0.109, 95% CI 0.055, 0.164), and having a mother with increased BMI from pregnancy to 4 years after birth or maintaining a high BMI during this period (b = 0.043, 95% CI 0.003, 0.083) were associated with higher appetite disinhibition scores at 7 years old. Children starting complementary feeding with foods other than soup (b = 0.077, 95% CI 0.030, 0.124) and watching at least 120 minutes of media per day at 4 years old (b = 0.048, 95% CI 0.004, 0.092) also showed higher appetite restraint scores at 7 years old. In contrast, girls, children living in a 2-parent family ( 
Discussion
In the present study, higher maternal education and a family with both parents at 4 years old seemed to influence higher appetite restraint, but less appetite disinhibition at 7 years old. More sedentary lifestyles at 4 years old were associated with higher appetite restraint and appetite disinhibition scores later in childhood. An association between high maternal education and low drive to eat in children has been described before 12 and, more recently, low maternal education and maternal age were associated with overeating in children, 10 results that corroborate the negative association found in this study between maternal age and education and the appetite disinhibition domain.
Children living in a 1-parent family at 4 years old reported more appetite disinhibition and less appetite restraint at 7 years old than did children living in a 2-parent family. Children with siblings at 4 years old also showed a lower likelihood of developing appetite restraint at 7 years old, an association that was stronger with a higher number of siblings. These findings are in line with previous studies. 6, 10 According to the literature, certain factors in single parenthood 30 may lead to emotional parenting and feeding practices, with significant impact on children's behavioral development (eg, emotional overeating 10, 31 ). Having a higher number of siblings may also hypothetically decrease parental attention toward each child during mealtimes and pressure to eat, which, in turn, decreases the risk of developing pickiness 6, 32 (characteristic of the appetite restraint domain). Decreased parental attention during mealtimes may also be a consequence of single parenthood. Altogether, the present findings indicate that having a 2-parent family may be positively and negatively associated with appetite restraint and appetite disinhibition, respectively.
Boys reported lower appetite restraint and higher appetite disinhibition scores at 7 years old. Previous studies have reported that girls, relative to boys, have a decreased tendency to overeat, are less interested in food, 10, 33, 34 have greater food fussiness, 33 and have more reported eating difficulties at 2 years of age. 12 Our results revealed no consistent association between eating behaviors and feeding habits in early infancy. The association with breastfeeding duration was only significant in univariate analysis and showed that infants breastfed for 6 months or longer reported lower appetite disinhibition at 7 years old. Previous literature revealed increased satiety responsiveness in breastfed children, 13, 14, 35 suggesting that breastfeeding may allow infants to learn how to regulate their appetite and respond to internal cues of satiety 13 and, thus, protect them from susceptibility to external intake cues (maternal judgement of timing, volumes, and energy density at each feeding).
The type of food first consumed (but not the timing) at complementary feeding significantly predicted eating behaviors at 7 years old. Children who first consumed cereal porridge and fruit reported more appetite restraint at 7 years old than did children whose first food was vegetable soup. Recommendations 36 are increasing toward the prioritization of vegetable soup because of the higher energy density and sweetness of cereal porridge. Infants have an innate preference for sweet tastes, 37 and, thus, the introduction of these more pleasurable foods may be easily accepted, but compromise the development of self-regulation intake mechanisms, 38 thereby supporting the positive association between cereal porridge and other sweet foods and the appetite restraint domain found in our study. The absence of repeated exposure to vegetables and unsweetened fruits early in life may even induce a low capacity to taste different flavours later in life, 38 consequently promoting picky eating.
More sedentary behaviors (no regular practice of physical activity and a high media screening time) at 4 years old were THE JOURNAL OF PEDIATRICS • www.jpeds.com Volume 180 †For these variables, sample sizes are lower (as described in Table I ). †For these variables, sample sizes are lower (as described in Table I ). b adjusted for maternal age, education, and BMI before birth, family structure, and number of siblings at 4 years old and child's sex.
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Volume 180 associated with higher appetite restraint and appetite disinhibition at 7 years old. Accordingly, emotional and external eating have already been associated with increased screen time, 39 which could be explained by an association between screen time and less attentive eating. 40, 41 Overweight, obese children and those with higher adiposity at 4 years old reported low appetite restraint and high appetite disinhibition at 7 years old. Obese children have been characterized by lower responsiveness to internal satiety cues 42, 43 and food fussiness, 5 eating faster during the course of a meal, 3 presenting more food enjoyment, 4,5 sensitiveness to external food cues 5, 23, 44 and emotional states, 5 and higher desire for drinks 5 than healthy-weight children. Consistent findings were reported in the previous Portuguese study conducted with children and adolescents. 23 Most of these studies have, however, a cross-sectional design and do not clarify the actual direction of these associations. Our findings add weight status/ adiposity in preschool children as a possible determinant of appetite later in childhood.
Children of overweight mothers also had lower appetite restraint and higher appetite disinhibition at 7 years old, and children whose mothers smoked during pregnancy reported high appetite disinhibition in later childhood, which may indicate that unhealthy maternal lifestyles are predictors of problematic eating behaviors in children. Research has shown a tendency for overweight mothers to present individual eating concerns to develop more restrictive feeding styles when they perceive their children as overweight or at risk of developing weight problems. 37, 38, [45] [46] [47] Contrasting results were found when we studied the maternal BMI before pregnancy. These conflicting findings may represent a wider link between parental weight, self-image, concerns about children's weight and feeding practices, and children's eating behaviors. Further investigation into the characteristics referred to should bring some insight into the present findings.
Smoking during pregnancy has been associated with higher overweight risk in children, 48 which has been suggested to be to be due to, and explained, in part, by, the intrauterine exposure to inhaled smoke products, which decreases appetitive learning of responsiveness to internal cues, by acting on neurotransmitters associated with reward. 49 Behavioral associations linking parental smoking habits with unhealthy lifestyles, particularly dietary habits, are also important to consider. 48 This study has some limitations. Self-administered questionnaires often present low response rates, and a relatively high number of children had incomplete or no information on the CEBQ. Compared with the entire cohort, the mothers in the current sample were slightly older and more educated. Selective response bias, however, is not of concern as these differences were not relevant. The Cohen effect size values were lower than 0.35 (low magnitude), 50 suggesting that differences were mostly because of the large sample size rather than to large differences between participants' characteristics. In addition, we were able to recover missing data in cases with more than 50% of the items completed. Nevertheless, we hope to overcome this barrier in future cohort evaluations by introducing the shorter version defined in this study. In addition, the assessment of eating behaviors was based on parental report, which may introduce measurement error because of inherent subjectivity. Social desirability should not be of concern in this study because the CEBQ has shown good correspondence with objective measures. 26 Future research should clarify whether an acceptable level of restraint could have a beneficial effect on appetite. Finally, some variables were asked about at the 4-and 7-year-old follow-up assessments and measured retrospectively, depending on parents' memory, introducing a possible recall bias.
These results provide relevant insights into some early influences of appetite-related eating behaviors in children, which can be useful in future research and in support of the development of prevention guidelines and educational strategies involving families aimed at improving healthy eating behaviors and reducing childhood obesity. ■
Determination of P-CEBQ Psychometric Properties
Factor Analysis and Internal Consistency. Principal component analyses (PCAs) were performed twice in this study. A PCA with Oblimin rotation was first performed on all items of the CEBQ to understand if the original factor structure (with 8 factors, representing 8 subdomains) would be replicated in the present sample. An 8-factor structure that explained 67% of the total variance was identified ( Table II) . Most of the items loaded on the expected subdomains, as previously reported. [1] [2] [3] [4] [5] A second PCA was later conducted on the emerged subdomains, and the scree plot supported an alternative 2-factor solution (representing 2 domains), explaining 62% of the total variance, with factor 1 and factor 2 explaining 35% and 26% of the total variance, respectively. The items with absolute factor loading of 0.3 or higher were interpreted as having meaningful part on each factor. The subdomains food fussiness, enjoyment of food, slowness in eating, and satiety responsiveness loaded mostly on factor 1 (loadings: 0.64; −0.78; 0.74 and 0.88) and the subdomains food responsiveness, emotional overeating, emotional undereating, and desire for drinks loaded mostly on factor 2 (loadings: 0.65; 0.82; 0.66 and 0.65) ( Table II) . Factor 1 was subjectively named "appetite restraint" and factor 2 "appetite disinhibition."
To assess the internal consistency of the CEBQ scale, Cronbach alpha coefficients for each subdomain and Pearson correlation coefficients between subdomains were calculated. Good internal consistency was defined by a Cronbach alpha of 0.7 or higher and a Pearson correlation of 0.4 or higher. Both PCAs revealed good internal consistency; in the first, Cronbach alpha for the different subdomains ranged from 0.74 to 0.85 and in the second, Cronbach alpha was 0.77 for "appetite restraint" and 0.64 for "appetite disinhibition." The correlation between both domains was weak (rho = −0.013), indicating that they are independent from each other, representing very different aspects of eating behaviors.
For each subdomain defined through the PCA, descriptive statistics (mean, SD) were calculated. A higher score in a subdomain indicated a higher presence of the eating behavior ( Table II) . The average score in appetite restraint was 2.88, SD = 0.61 and in appetite disinhibition was 2.15, SD = 0.52. In accordance with the original CEBQ, the scores of 5 items were reversed because of opposite phrasing (Appendix). In the 2-factor solution, only the score of the enjoyment of food subdomain was reversed (factor 1).
Construct Validity. Construct validity was assessed considering theoretical hypotheses based on previously described literature: as higher the children's BMI, higher the emotional eating and responsiveness to external cues [6] [7] [8] and lower the food fussiness 1,2 and responsiveness to internal satiety cues. A similar relation was hypothesized with higher maternal BMI. 9 It was performed on the 2 factors emerged in the second PCA. The mean values of each factor by children's BMI and maternal prepregnancy BMI were compared using 1-way ANOVA. As expected, children's BMI was negatively and significantly associated with appetite restraint and positively associated with appetite disinhibition; overweight/obese children scored significantly lower on appetite restraint (mean = 2. ; P = .026). The referred associations were consistent with the theoretical hypothesis, supporting the construct validity of the P-CEBQ scale.
Reliability. Reliability was tested by analyzing the agreement between the subdomains in 2 time moments (CEBQ was answered again 35 days apart) using 2-way random intraclass correlation (ICC). 10 ICC varies between 0 and 1, with higher values representing higher reliability. The mean ICC of the P-CEBQ ranged from 0.51 (desire for drinks subdomain) to 0.85 (food fussiness subdomain). Most subdomains presented good reliability (ICC ≥ 0.7), except desire for drinks (ICC = 0.51) and emotional undereating (ICC = 0.58). Overall, the P-CEBQ presented a good reliability in this Portuguese sample of 7-year-olds (mean ICC = 0.73).
Short Version of the Scale. A Spearman-Brown prediction formula was conducted to estimate the hypothetical Cronbach alpha in a new version of the CEBQ scale with fewer items. It was set to retain in each subdomain only the necessary number of items to achieve a Cronbach alpha of at least 0.7. A total of 20 items (in replacement of the original 35 items) were retained in this short-version of the P-CEBQ. Our analysis showed that only 2 items would be enough to represent the subdomains enjoyment of food, food responsiveness, desire for drinks and slowness in eating, and 3 items would be enough to represent the subdomains emotional undereating, emotional overeating, satiety responsiveness, and food responsiveness. In this version, the Cronbach alpha ranged from 0.68 to 0.72, showing a good internal consistency.As there is no consensus on a method to define which items to retain (ie, to include in the shortversion), we, therefore, suggest that this decision should be taken by each research group, concerning 2 main criteria: loadings and pertinence of the items in each subdomain. 
